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THE SCOPE OF MODERN PHYSIOLOGY. 1 
By Frederic S. Lee. 

A review of the present aspect and tendency of a rapidly 
growing science in the light of its history may not be without 
profit. It may help to clearer vision and more exact orienta- 
tion ; and it may direct and stimulate investigators. These 
thoughts, together with the prevalence of an apparent mis- 
conception regarding the true aim and scope of Physiology, 
have led to the following paper. 

To one who is acquainted with modern biology, it will seem 
unnecessary to repeat that physiology is the science of func- 
tion or action ; that it is to be contrasted with morphology, the 
science of form or structure ; that these two form the grand 
divisions of the science of living things, or biology ; that, just 
as there is an animal and a vegetable biology, so there is an 
animal physiology and a vegetable physiology ; that, further, 
every species has its physiology ; that every portion of living 
matter, be it organism, organ, tissue, cell, or simplest group of 
molecules deserving the name protoplasm, Weisrnann's 
biophor, has its physiology ; that, for whatever functions or 
acts, there must be possible a science of function or action. 
All this seems self-evident and trite to the biologist. By the 
non-biologist its truth is being overlooked constantly. To 
him, forgetting that botany and zoology exist, the term physi- 
ology means merely human physiology, a most narrow signifi- 
cance and one that is productive of evil results. Undoubtedly 
the animal physiologists themselves have been responsible, 
unintentionally and unwittingly, for this common and radi- 
cally false notion of the relatively narrow field of their science. 
In their zeal to penetrate the mysteries of that most wonder- 
ful and most interesting of all protoplasmic structures, the 
human body, and in their desire to perfect a strong foundation 

'Read before the Section of Biology of the New York Academy of Sciences, 
November 20, 1893. 



1894.] The Scope of Modern Physiology. 381 

for the science and art of medicine, it was to be expected that 
their investigations should have an " anthropocentric " bias 
and that physiology and medicine should be born and grow 
old together. Let a union so intimate be once established, let 
centuries of tradition surround and strengthen it and the sep- 
aration is not an easy process. With special reference to this 
question and at the risk of treading upon well-known historic 
ground, what has been in brief the history of animal physi- 
ology? 

It is convenient to divide it with Preyer into five periods ; 
the first four ending approximately with the dates 350 B. C, 
160 A. D., 1628, and 1837 respectively, the fifth extending to 
the present time. The last four periods are characterized by 
one or more prominent investigators, the second by Aristotle, 
the third by Galen, the fourth by Harvey and Haller, the fifth 
by Johannes Mtiller. 

The beginnings of animal physiology were contemporane- 
ous with the speculations of the earliest natural philosophers 
and the labors of the earliest physicians. In Egypt, in China, 
in India, in Greece, the origins of the science are necessarily 
indefinite and, with the help of occasional fragments of his- 
torical fact, must be left to our imagination. The inclination 
toward self-study is an innate human characteristic and the 
more obvious facts of man's bodily functions could scarcely 
have failed of notice. Something was doubtless learned from 
the bodies of men killed or wounded in battle, and from the 
slaughter of animals for food. More precise observations were 
made upon sacrificial animals for purposes of divination. But 
facts thus obtained were necessarily isolated, and abundant 
speculation was the distinguishing characteristic of the whole 
period. From its shadowy beginnings down to the death of 
Hippocrates and Plato, the theories that were held regarding 
the origin and nature of life, unsupported, as they were, by 
observation and experiment, could not establish a science of 
vital action. Even Hippocrates himself, skillful as he was in 
the treatment of diseases, was no physiologist. 

At the beginning of the second period was Aristotle, the 
first systematic observer of natural phenomena. His knowl- 
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edge of physiological fact was derived, as is well known, in 
greatest part from his own observations on man, the lower 
animals, and plants ; and to a large extent it forms the basis 
of all subsequent development of the science. His pupil, 
Theophrastus, founded the science of vegetable physiology. 
Contemporaneous with Theophratus was the development of 
the great school of medicine at Alexandria, and here, under 
Herophilus and Erasistratus, animal physiology, along with 
anatomy and pathology, as a part of medicine undoubtedly 
made great progress. The extent of that progress can be 
inferred only imperfectly from later writers. The loss of the 
Alexandrian records is most lamentable. Aristotle had dis- 
sected animals ; the Alexandrians dissected the human body 
and, more important for our science if true, it is possible that 
they performed experiments on animals. The facts made 
known by Aristotle were added to; physiological material 
accumulated. Thus, while the first period had been specula- 
tive, the second was descriptive. But not yet was there a 
science of function. 

Then came Galen, the great physician, investigator, and 
writer, and it was he who organized the mass of knowledge 
that through the centuries had been growing. From Galen's 
time animal physiology has had a recognized position as a 
branch of natural science. A modern writer 2 says of him : 
"In the midst of contending factions he alone and for the 
first time shaped physiology into an independent science. He 
established physiology as the doctrine of the use of organs ; 
he experimented upon animals * * * ; and he suggested ques- 
tions which he answered by the aid of such experiments. In 
opposition to all his predecessors and contemporaries, he main- 
tained physiology to be the foundation of medicine. Further, 
he, first of all and so far as it was possible at his time, 
described and explained the functions methodically and com- 
pletely. Upon the one side he sought to refer vital phenom- 
ena to natural causes, and upon the other he lauded their pur- 
poseful character, with expressions of admiration for the wis- 
dom of the Creator, while their fitness aided him in explain- 

2 Preyer, Attgemeine Physiologic 
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ing them. * * * The fact that the Galenic physiology, where- 
ever it was known, prevailed for fifteen hundred years is due to 
its two-sided development. For physicians accepted it because 
of its materialism, and the clergy because of its teleology. 
Since Galen was an extraordinarily sagacious thinker, an 
uncommonly learned man, an industrious, systematic, truth- 
loving worker and skillful physician, never neglecting prac- 
tice for research nor research for practice, of all the medical 
fraternity he seemed best fitted to lay the corner-stone of phys- 
iology as a science in itself. And it testifies to his genius that, 
in the whole thousand years following him, Galen's physiolog- 
ical system, constructed through his originality and the power 
of his logic, endured as law, seriously opposed by no one. The 
history of no science can show the like. Faith in the author- 
ity of Galen's name finds its equal only in the history of 
religions." It is to Galen's influence, doubtless, more than to 
that of any other, that the intimate union of physiology and 
medicine, continuing even to the present day, is due. And to 
him likewise we must ascribe the present prevailing idea, 
already spoken of, of the essentially human character of the 
science. Galen's physiology was in essence a human physi- 
ology ; and the new science fully born became the handmaid of 
medicine. Galen's authority was supreme until the age of the 
Renaissance, and throughout the long mediaeval period ani- 
mal physiology was at a standstill. Toward its close the Ital- 
ian universities were established and men began to think for 
themselves, to read nature in addition to the books, and gradu- 
ally to learn that nature and Galen did riot always agree. The 
elaborate and ill-founded hypotheses of the spirits, the ele- 
ments, the qualities, and the humours did not accord with the 
progressive, investigating spirit of the Renaissance and rebel- 
lion against the master gradually grew in strength. Paracel- 
sus burned in public at Basel the works of Galen. More 
destructive than fire were the anatomical investigations of 
Vesalius and Fallopius. And in physiology Colombo and 
Caesalpinus prepared the way for the most important single 
discovery of the times. This event, which more than all else 
demonstrated the ineffectiveness of pure speculation and the 
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need of a rational method of observation and experiment, 
was none other than the discovery of the circulation of the 
blood. 

With the announcement of this to the world in 1628, what 
we have called the fourth period of physiological history 
begins. Harvey's book, " De Motu Cordis," is a model record 
of an ideal scientific investigation. The accumulation of an 
abundance of the essential facts, obtained by a most careful 
and systematic study of nature, the clear understanding of 
their logical positions and their mutual relations, and then, 
unhampered by scholastic systems and a priori considerations, 
but guided only by a regard for truth, the orderly arrange- 
ment of the accumulated material into the one possible 
rational system — such was Harvey's method. The result was 
incontrovertible. The full title of Harvey's work is " Exerci- 
tatio Anatomica de Motu Cordis et Sanguinis in Animalibus," bat 
Harvey himself, being a physician, and his contemporaries 
and followers naturally enough considered more especially the 
human bearings of the established facts. For two hundred 
years after, discovery followed discovery, and the permanent 
foundations of the various subdivisions of physiology were 
laid — circulation, respiration, animal heat, the functions of 
the central nervous system and of the peripheral nerves, 
movement, animal electricity, reproduction, optics and acous- 
tics. Haller's well-known contribution was that of the inde- 
pendent irritability of muscle. Of perhaps as much value 
were his complete knowledge of physiological literature and 
his activity in writing.. In 1747 he published a text-book, the 
" Primae Lineae Physiologiae," and in 1757 the large and com- 
plete " Elementa Physiologiae Corporis Humani." These books 
were widely circulated and the entity of the science was for- 
ever established. The title of Haller's larger work, " Ele- 
ments of the Physiology of the Human Body," indicates that 
its " anthropocentric " character was stamped firmly upon it. 
By its independent growth, its subordination to medicine was, 
however, already weakened. 

To enumerate its advances during the past fifty-six years, 
the fifth period, would be a task of great proportions. The 
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man to whom it is customary to give the credit for hav- 
ing outlined the path that was to be followed during his life- 
time and for the generation that has elapsed since his death, 
the teacher, either personally or by his writings, of the vet- 
erans, Ludwig, Du Bois Reymond, Brucke and Helmholtz, 
was Johannes Miiller. Muller's name will at once suggest the 
one important principle that he formulated, that of specific 
nerve energies, but his writings and discoveries cover a wide 
field. His extraordinary knowledge, energy, enthusiasm and 
stimulating power were all-important during a period so rich 
with biological achievements. It is perhaps a fair question, 
whether Magendie, with his marvellous activity as an experi- 
mentalist, may not dispute with Miiller the honor of having 
given to the physiology of the past fifty years its character- 
istic trend. Certain it is that he fathered the science in 
France (Claude Bernard was his pupil) ; that his writings 
were read much across the Rhine ; and that the labors of the 
Germans have been, like his, the collecting of facts rather 
than the constructing of systems. Within this half-century 
the establishing of the two great doctrines of physics, the 
mechanical theory of heat and its greater corollary, the con- 
servation of energy, were of indispensable aid to the develop- 
ment of physiology. The idea of vital force had taken on 
many forms and the controlling principle of life had played 
its part under many titles. But, when it was shown that in 
the inorganic world the various kinds of energy are mutually 
interchangeable, physiologists, long hampered by and impa- 
tient under the old ideas, eagerly siezed upon the new, in fact, 
aided not a little in their discovery, and proved that they 
applied to living things as well as to the not-living — and, with 
this, freedom from unscientific speculation was Avon ; the ani- 
mal is a machine in a sense more complete than the Cartesian 
one. On the purely physiological side of biology, this is 
undoubtedly the greatest achievement of the present century. 
Until the substance of the plant and the animal body could 
be regarded as subject to the same laws that controlled all 
other matter, much must have remained mysterious and inex- 
plicable and physiology could not be reckoned as all in all a 
26 
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natural science. Psychology has always been hampered by 
the speculations of the system-loving metaphysicians. More 
actual fact and less conjecture are essential to the scientific 
method ; and the scientific method is the method of progress. 
Following this freedom from the doctrine of vital force, physi- 
ology has developed actively along two main lines, the chemi- 
cal and the physical including the mechanical, and is now 
often defined as the chemistry and the physics of living mat- 
ter. An astonishing number of discoveries have been made, 
and the outlines that were sketched by Galen and Harvey and 
Haller and Miiller and Magendie have been filled in with 
remarkable rapidity and completeness. 

Let us consider for a moment the prominent characteristics 
of the work of this period. In the first place, Vertebrates 
have received more attention and have been the subject of 
more systematic investigation than Invertebrates. And 
among the Vertebrates, with the exception of the indispensable 
frog, which, however, is rarely regarded as a finality in research, 
the Mammals, being nearest to man have been most studied. 
Second, the number of forms used is very small ; it is prob- 
ably safe to say that the genera employed in four-fifths of the 
researches could be counted easily upon the fingers of the two 
hands. Third, adult animals have been used almost exclu- 
sively. Fourth, the study of organs has prevailed, i. e., the 
investigator has endeavored to discover the chemical, physical 
and mechanical laws by which the heart, the lungs, the 
glands, the muscles and the brain perform their respective 
tasks. These characteristics are the natural outcome of the 
birth and growth of the science. They indicate that, although 
the results accomplished are widespread and of the greatest 
value, there are left almost untouched still wider fields. The 
achievement of so much, however, along the lines of the past 
is stimulating to the student of to-day, for it has made possi- 
ble the more rapid development of the science in the new 
directions, in which it is now tending. To these we shall 
return shortly. 

I think that the historian of the present period will not fail 
to be struck by the comparative paucity of hypothesis in 
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physiological research, especially when our science is con- 
trasted with the other great division of biology. It is as if 
men had been nauseated by the vitalistic doctrines and other 
wild guesses of the past and had resolved hereafter to hold 
strictly to the Baconian method. At the risk of being misun- 
derstood and criticised, I cannot help feeling that this is to 
be deplored. The method of all physical science is truly 
observation and experiment ; facts must be discovered and 
grouped and the laws formulated therefrom. But, in the 
search after facts, the inestimable value of hypothesis — of 
speculation, if you will — cannot be denied. It directs, the 
searcher along a definite path and gives for the time being an 
encouraging and stimulating coherence to his results. If later 
his speculation becomes verified, well ; if it proves false, its use 
is not to be deprecated, for it has served its purpose as an aid 
to discovery. The facts still remain, science is by so much 
the gainer, and with a new interpretation and a new hypoth- 
esis nearer the truth further advance will be made. The 
trouble is to keep the speculation within rational bounds and 
to know when to give it up. To employ it too sparingly is to 
retard scientific progress,' and it seems to me that just here the 
animal physiologists of the present period are open to criti- 
cism. 

Further, it is to be noted that until far into this period 
throughout the Continental, the English, and most of the 
American universities physiology and anatomy have together 
formed one department. At Bonn from 1826 to 1833, and at 
Berlin from 1833 until his death in 1858, Miiller occupied 
such a common chair. Helmholtz held a similar position in 
Bonn from 1855 until 1858. Now, everywhere, animal physi- 
ology presupposes anatomy, and each science has its own field 
and its own methods. Further still, physiology usually occu- 
pies a place in the Medical faculty. This also is the result of 
its historical development. As I have shown, it is to the med- 
ical fraternity, more than to any other one class, that it owes 
its great progress in the past. But a glance at the literature 
of the present period will show that, largely through the efforts 
of its medical promoters, it has widely overstepped its early 
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medical boundaries. It has long since ceased to be a purely 
medical and anthropological science; it has become a biologi- 
cal science. Human physiology, like human anatomy, will 
necessarily always form one of the foundation stones of a 
medical training, and perhaps the most important one. But 
human physiology is but one branch of a science as broad as 
are the domains of protoplasm. Man's body is a machine, but 
it is a machine that has had a history. It is an achievement 
to learn to know the mechanical, chemical, and physical laws 
of this most complex of vital mechanisms. But the task of 
the physiologist does not end here — I should say it does not 
begin here. To know the action of the mechanism without 
its history is not only short-sighted, it is impossible. This is 
being recognized and a school of general and comparative 
physiologists is arising. During the present period, then, 
beside its great advance along the older lines, our science has 
begun a development along broader biological paths. It has 
won a place as an independent, pure natural science. More 
and more are its claims to admission to Pure Science and Phil- 
osophical faculties being recognized. It should be placed 
and will be placed by the side of chemistry, physics, and the 
morphological division of biology. I do not think it an exag- 
gerated statement, that the tendency of biological thought at 
present is toward extraordinary activity along physiological 
lines. 

( To be continued.) 
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A lea impennis L. 
From The Dictionary of Birds. 



